Nickel oxide thin films were deposited by a simple and low-cost spray pyrolysis technique using three different precursors: nickel nitrate, nickel chloride, and nickel acetate on corning glass substrates. X-ray diffraction show that the NiO films are polycrystalline and have a cubic crystal structure, although predominantly with a preferred 111-orientation in the growth direction and a random in-plane orientation. The deconvolution of the Ni 2p and O 1s core level X-ray photoelectron-spectra of nickel oxides produced by using different precursors indicates a shift of the binding energies. The sprayed NiO deposited from nickel nitrate has an optical transmittance in the range of 60-65% in the visible region. The optical band gap energies of the sprayed NiO films deposited from nickel nitrate, nickel chloride and nickel acetate are 3.5, 3.2 and 3.43 eV respectively. Also, the extinction coefficient and refractive index of NiO films have been calculated from transmittance and reflectance measurements. The average value of refractive index for sprayed films by nickel nitrate, nickel chloride and nickel acetate are 2.1, 1.6 and 1.85 respectively. It is revealed that the band gap and refractive index of NiO films by using nickel nitrate corresponds to the commonly reported values. We attribute the observed behavior in the optical band gap and optical constants as due to the change of the Ni/O ratio.
Introduction
Transparent conducting oxides (TCOs) thin films, such as; Al-doped zinc oxide (ZnO), indium tin oxide (ITO), Sb-doped SnO2, and In2O3 widely use in solar cells, heat mirrors and windows, liquid crystal displays, and light-emitting diodes. Most of these TCOs are n-type semiconductors. However, corresponding p-type (p-TCO), with high transmittance and low resistivity which are very important for smart windows, transparent electrodes, optoelectronic devices and transparent electronic devices is still lacking. In 1997 Kawazoe et al. reported first p-type TCO (CuAlO2) in a highly transparent thin film of (CuAlO2), which opened up a new field in transparent electronics applications [1, 2] .
Nickel oxide (NiO) is a promising material for p-type transparent conducting oxide films due to its outstanding properties, such as high chemical stability, good crystallinity, wide direct energy gap of 3.6 -4.0 eV [3] , wide spectral range of transparency, and low material cost [4] . Undoped NiO films show resistivity in the order of 10 13  cm at room temperature and this can be decreased significantly for p-doped NiO by increasing of Ni vacancies and/or interstitial oxygen in the NiO structure [5, 6] . The behavior of NiO strongly depends on its stoichiometric ratio of nickel to oxygen atoms. Various characteristics of the nickel oxide films change due to their nonstoichiometry, and these characteristic variations have different effects in different applications such as electrochromic material [7] , electrode in solar cell [8, 9] , an active material in chemical gas sensors [10] and organic light emitting diodes [11] .
Up to date, a number of techniques have been advanced in the preparation of nickel oxide thin films, such as dipping and electrochemical, spin coating [12] , atomic layer deposition, sol-gel [13] , sputtering [14] [15] , pulsed laser deposition [16] , chemical bath deposition [17] [18] [19] and chemical spray pyrolysis [20] [21] [22] [23] . The most common and sheep fabrication method for large area homogeneous coatings of NiO is chemical spray pyrolysis due to the cancellation of the vacuum system and it is an easy setting up technique. This method is described by uniform size distributions and provides thin films whose grain size is controlled by various parameters such as preparation condition, doping type and concentration. Great works have been done in order to study the effect of the preparation parameters on the properties of the NiO films, such as the effect of thickness [24] and substrate temperature [25] . In this work we have explored the influence of different precursors on the structural and optical properties of sprayed NiO thin films on glass substrates. The obtained results provide valuable information about structural and optical properties of NiO, which is a very helpful issue for better understanding and perfection of the material quality for the electronic application.
Experimental Details

Films preparation
Chemical spray pyrolysis was used to prepare nickel oxide films by using (0.2M) aqueous solution of different precursors; nickel nitrate (Ni(NO3)2·6H2O), nickel chloride (NiCl2·6H2O) and nickel acetate (Ni(OCOCH3)2·4H2O) on preheated Corning glass (2947) at a temperature of 450 o C. Prior deposition, the glass substrates were ultrasonically cleaned in acetone solution and rinsed in distilled water to get cleaned surface which important to start nucleation of deposited films. The distance between the nozzle and the substrate was kept at 30 cm. In order to obtain uniform NiO films, the deposition time, and the pressure of the compressed air gas was maintained for all samples at 10 min and 1.5 bar, respectively.
Characterization techniques
The thickness of the prepared films was measured by a Dektak 150 Stylus profilermeter and was found to be 300, 275, 270 nm for NiO by nickel chloride, nickel acetate and nickel nitrate, respectively. The structural properties of the films were assessed by X-ray diffraction (XRD)
-2 measurements with a Panalytical X'Pert diffractometer operated in Bragg-Brentano geometry using Cu Kα radiation at 45 kV and 40 mA. A Bragg-Brentano HD mirror was used as a primary optics together with 0.5° divergence and anti-scatter slits, and an X'celerator detector, operating in a scanning line mode on the secondary side. Grazing incidence XRD (GIXRD) and pole figure measurements were conducted using a PANalytical EMPYREAN diffractometer in a parallel beam configuration. For GIXRD a line focused copper anode source (Cu Kα, =1.54 Å), operating at 45 kV and 40 mA, was used, and the primary beam was conditioned using a parallel beam mirror and a 0.5° divergence slit and in the secondary beam path a 0.27° parallel plate collimator was used together with a Ni-filter to remove the K-radiation. For the pole figure measurements the X-ray source was used in point focus mode and an X-ray lens together with crossed-slits, 2x2 mm 2 , was used to condition the beam together with the same parallel plate collimator, but without the Ni-filter. A PIXcel-3D detector was
used as an open detector for the data acquisition. The chemical composition and bonding states of the NiO samples were investigated by X-ray photoelectron spectroscopy (XPS, Axis Ultra DLD, Kratos Analytical, Manchester, UK). The spectrometer was equipped with a monochromatic Al(Kα) X-ray source (hν = 1486.6 eV). XPS core level spectra of Ni 2p, C 1s, and O 1s regions were acquired after sputter cleaning for 600 s with a 500 eV Ar + beam. For evaluation, the Casa XPS software (version 2.3.16) was used. The spectra were referenced to the C-C bond at 284.5 eV. The Ni2p and O1s core level spectra were closer investigated. Here, all components of the core level spectra were fitted using a Voigt peak shape function with the Lorentzian contribution of 30 %.
The surface morphology of the NiO films were investigated using 10 keV electron beam in a Leo 1550 Gemini scanning electron microscopy. In addition, surface topography of all prepared films was performed in tapping mode by means of an atomic force microscopy (VEECO digital instrument). The optical properties of the prepared films were measured using a dual beam UV-VIS-NIR spectrophotometer (Jasco V750, Japan). Figure. 1 (a) and (b) shows the -2 and grazing incidence patterns, respectively, of deposited
Results and discussion
Structural and chemical properties
NiO films as a function of precursor solutions. The grazing incidence measurement makes it possible to see film peaks that in the -2 measurement have low intensities, in particular for
NiO by using nickel acetate. Phase identification and analysis of the -2 scan reveal that all diffraction peaks can be assigned to the same crystal structure, although from these measurements it cannot be determined whether the structure is cubic (pdf no. 047-1049) or rhombohedral (pdf no. 44-1159) since the diffraction peaks for these two crystal structures overlap. However, using pole figure measurements it could be confirmed that the NiO films are cubic, and the diffraction peaks have been labeled with the corresponding Miller indices. The broad peak located at about 2= 24° is interpreted as a contribution from the amorphous glass substrate. From the position of the diffraction peaks lattice parameters of the cubic structure was calculated for the different NiO films and is tabulated in Table 1 . As can be seen, there is no significant influence of different precursors on the lattice parameters values. Table 1 . Thus, the films consist of single-phase NiO with a cubic crystal structure and a predominant 111-orientation in the growth direction and a random in-plane orientation.
. XPS measurements were performed to study the chemical composition i.e., the Ni/O ratio and the chemical bonding states of the sprayed NiO films using different precursors. Fig.3 (a), shows the Ni 2p3/2 core level spectra of the three sets of samples and their deconvolution into Ni 2+ , Ni 3+ and Ni metal contributions. A combined view of the corresponding O1s core level spectra obtained from the NiO samples is shown in Fig. 3 (e) . (e) combined view of O1s core level spectra of the films prepared using nickel acetate, nickel chloride, and nickel nitrate . (f), (g), and (h) show the corresponding O1s core level spectra.
The chemical composition of NiO films is also influenced by atmospheric carbon as shown in table. 2. In addition, the comparatively high carbon content of 16.96 % in the NiO film from nickel acetate arises due to its elevated surface roughness (RMS = 31 nm) as discussed in the following section, which promotes the adsorption of ambient carbon and renders sputter cleaning prior to XPS measurements inefficient. Additionally, the main final gas-phase products of the thermal decompositions of nickel acetate, nickel nitrate and nickel chloride are CO2, O2, and HCl, respectively [26] [27] [28] . These gases play important role for the Ni/O ratio and surface morphology of NiO thin films. The CO2 and HCl gases have some drawbacks; such as carbon adsorption contamination and increasing surface porosity due the corrosive chlorine to the NiO thin films by using nickel acetate and nickel chloride, respectively. On the other hand, the O2 gas may improve the properties of NiO thin films by using nickel nitrate. Figures.3 (b-d) and Fig.3 (f-h) , show the deconvoluted Ni 2p3/2 and O1s spectra, respectively. The results are also listed in Table. 3. In Fig. 3 (a-d) and [29] , while the contribution at 855 eV can be attributed to Ni +3 states [29] . The Ni 2p3/2 of the NiO prepared using nickel chloride shows a comparatively high amount of metallic Ni bonds, which is caused by the corrosive chlorine chemistry increasing surface porosity [30] . This surface porosity promotes the adsorption of carbon and hydrogen, which in turn induces the reduction of NiO to Ni [31] [32] [33] .
The Ni 2p3/2 obtained from the NiO prepared with nitrate shows the highest amounts of Ni 3+ and Ni +2 due to oxygen excess from the thermal decomposition of nitrate. Nickel vacancies created at the cation site can be ionized to create Ni 3+ ions serving as acceptors that donate holes of nickel oxide thin films [29] . This is also supported by the corresponding O1s spectra of the sprayed NiO thin film shown in Fig.3(e) . The O1s core level spectra were deconvoluted with two contributions (Fig.3f-h) ; O bond to Ni 2+ at a binding energy of 529.2 eV O-C bonds at 531 eV [34] . As shown in Fig.3 (h) the NiO prepared by using nickel nitrate shows less O-C bonds than the sprayed NiO using acetate and chloride (cf. Fig.3f and g ). The oxygen contents are in good agreement with the results obtained from the Ni2p spectra. The XPS results confirm that the changes in chemical composition and structure of sprayed NiO films depend on the Ni/O ratio of different precursors. 
Surface morphology
The surface morphology of NiO films deposited on glass at 450°C by with different precursors solution was studied by using SEM and AFM. Fig.4 (a) shows typical SEM image of sprayed NiO films by nickel nitrate. The films exhibit excellent adhesion and smooth grainy surface. On the other hand, the sprayed NiO film by nickel chloride and nickel acetate seems to be almost instantaneously leading to those structures of irregular shape like rings. Although rough, neither holes, nor voids are visible in the films, as shown in Fig.4 (b) and (c). In addition, the surface morphology of sprayed NiO films were studied using AFM in tapping mode. The RMS roughness of NiO thin films are 16, 31, and 90 nm for nitrate, acetate, and chloride sources, respectively. The differences in the O/Ni ratio during thermal decomposition of precursor solutions resulting in significant changes in the surface morphology, is discussed in the XPS sections. 
Optical properties
Figure. 
Where t is film thickness, T is the transmission and R is the reflectance of NiO films. The absorption coefficient increases with decrease in the wavelength as shown in Fig. 5(b) . While, and regarding the variation of absorption coefficient of sprayed NiO films using different precoursors, it found that the films absorbe lower energies. This is due to a spreading of state denisities in the band gap due to defects [36] . in addition, the internal electric field due to the impurities distributions as confirmed by XPS results. The optical band gap energy (Eg) of films is calculated on the basis of the optical absorption spectra [21] .
Where α is absorption coefficient, Eg is the band gap, hυ is photon energy, A is constant and n assumes values of 1/2, 2, 3/2 and 3 for allowed direct, allowed indirect, forbidden direct and forbidden indirect transitions, respectively. Fig.5 (c) shows the value of the optical band gap energy of sprayed NiO thin films using different precursors. The optical band gap energies for NiO deposited using nickel nitrate, chloride and acetate are 3.5 eV, 3.2 eV and 3.43 eV, respectively. The difference of the band gap energies is depends on the degree of crystallinity (table 4) and Ni/O ratio. The change in Ni/O ratio is due to the presence of Ni vacancies and/or oxygen defects as discussed in XPS results. In addition the refractive index is one of the most important optical constant of a material which depends on the wavelength of electromagnetic wave. In this work the refractive index is calculated using the following formula [35] :
Where the R is the reflectance and is the extinction coefficient and calculate by using formula:
The variation of extinction coefficient (k) as a function of wavelength in range (300-900 nm) of sprayed NiO films by different precursors as shown in Fig.6 (a) . It can be seen that the lowest value of (k) for NiO films by using nickel nitrate that indicates to lowest surface roughness, which decrease the scattering losses thereby to increasing the transmitting ability. On the other hand, the (k) value for NiO films by nickel acetate and chloride is high due to high surface roughness and carbon contamination as confirmed by AFM and XPS measurements. Fig. 6 (b) shows the relation between the refractive index and wavelength for sprayed NiO films by using different precursors. It can be seen that the refractive index of NiO films by nickel nitrate values in the range of (2.1-2.3) which is an agreement with reported value due to low roughness and good crystallinity [37] . In addition, the incrasring of Refarctive index of NiO sprayed by nitrate in the end of visible and near IR region is relating to increase of carrier concentration, may be due to oxidation of N 2+ to Ni 3+ which inhances the p-type character of the films. 
Conclusion
NiO thin films were deposited by the chemical spray pyrolysis technique using different precursors: nickel nitrate hexahydrate (Ni(NO3)2·6H2O), nickel chloride hexahydrate The sprayed NiO films using nitrate have optical transmittance higher than the sprayed films using chloride and acetate. The optical band gap has been found to change from 3.2, to 3.5 eV. This change is due to the formation of gases (O2, CO2, and HCl), which are generated 
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